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(54) SWITCHING POWER SUPPLY CIRCUIT 



(57)Abstract: 

PROBLEM TO BE SOLVED: To dispense with improvement of efficiency for 
improving power conversion efficiency and simplify the circuit by providing a 
current limiting resistor of large capacity and a low-resistance value to an AC 
input line and to form a circuit to terminate the current limiting resistor with an 
electromagnetic relay or thyristor triac or the like. 

SOLUTION: These is provided a power factor improving means, which is 
inserted into a rectifying current path to improve the power factor by 
intermittently rectifying current, based on a switching output voltage which is 
obtained with a primary side resonance circuit and is fed back via a tertiary 
winding formed, by winding up the primary winding of an insulation converter 
transformer and a series resonance capacitor, and moreover a soft-switch 
means which is allocated in the preceding stage of the power factor improving 
means and is formed with a transistor to limit rush current to a smoothing 
capacitor, when the power switch is turned on is provided. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The rectifier diode which inputs a commercial alternating current power 
source and rectifies, and a rectification smooth means to generate a rectification 
smooth electrical potential difference with a smoothing capacitor, The insulating 
converter transformer formed in order to form a gap so that the necessary 
coupling coefficient made into a loose coupling may be obtained, and to transmit 
an upstream output to secondary, The switching means which is intermittent in 
the above-mentioned direct-current input voltage with a switching element, and 
was made to be outputted to the primary winding of the above-mentioned 
insulating converter transformer, The upstream resonance circuit which is 
formed at least of the leakage inductance component containing the primary 
winding of the above-mentioned insulating converter transformer, and the 
capacitance of an upstream parallel resonance capacitor, and makes actuation 
of the above-mentioned switching means a voltage resonance form, While being 
inserted in a rectified-current path, the switching output voltage obtained in the 
above-mentioned upstream resonance circuit It returns through the tertiary 
winding and series resonance capacitor which wound up the primary winding of 



the above-mentioned insulating converter transformer, and were formed. A 
power-factor-improvement means to improve a power-factor by being 
intermittent in the rectified current based on this switching output voltage that 
returned, So that it may be allotted to the preceding paragraph of the 
above-mentioned power-factor-improvement means and the rush current to the 
above-mentioned smoothing capacitor can be restricted in a power up The 
Softswitch means formed using the transistor, and the leakage inductance 
component of the secondary winding of the above-mentioned insulating 
converter transformer, The secondary resonance circuit formed in secondary of 
the capacitance of a secondary resonance capacitor, It is formed including the 
above-mentioned secondary resonance circuit, and the alternation electrical 
potential difference obtained by the secondary winding of the above-mentioned 
insulating converter transformer is inputted. The direct-current output voltage 
generation means constituted so that rectification actuation might be performed 
and secondary direct-current output voltage might be generated, The switching 
power supply circuit characterized by having the constant-voltage control means 
constituted so that constant-voltage control to secondary direct-current output 
voltage might be performed according to the level of the above-mentioned 
secondary direct-current output voltage. 

[Claim 2] The above-mentioned Softswitch means is a switching power supply 



circuit according to claim 1 characterized by having the NPN transistor 
connected to the positive-electrode side of the above-mentioned rectifier diode, 
the resistance allotted between the collector-bases of the above-mentioned NPN 
transistor, and the capacitor arranged between the base of the above-mentioned 
NPN transistor, and a ground, and being formed. 

[Claim 3] The above-mentioned Softswitch means is a switching power supply 
circuit according to claim 1 characterized by having the PNP transistor 
connected to the negative-electrode side of the above-mentioned rectifier diode, 
the resistance allotted between the collector-bases of the above-mentioned PNP 
transistor, and the capacitor arranged between the base of the above-mentioned 
PNP transistor, and a ground, and being formed. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the switching power supply 
circuit equipped with the configuration for improving especially a power-factor as 
a switching power supply circuit with which various electronic equipment is 



equipped as a power source. 
[0002] 

[Description of the Prior Art] These people are making previously the various 
proposals of the power circuit which equipped the upstream with the resonance 
form converter. Moreover, the power circuit which equipped with and constituted 
the power-factor-improvement circuit for aiming at power factor improvement to 
a current resonance form converter is also making various proposals. 
[0003] Drawing 9 is the circuit diagram showing an example of the switching 
power supply circuit constituted based on invention for which these people 
applied previously. This power circuit is considered as the configuration in which 
the power-factor-improvement circuit for power factor improvement was 
established to the switching converter of the current resonance form by the 
self-excitation type. 

[0004] In the power circuit shown in this drawing, it has the bridge rectifier circuit 
Di which carries out full wave rectification of the commercial alternating current 
power source AC. In this case, the rectification output rectified by the bridge 
rectifier circuit Di will be charged by the smoothing capacitor Ci through the 
power-factor-improvement circuit 20, and the rectification smooth electrical 
potential difference Ei corresponding to the input voltage VAC 1 time the level of 
an alternating current will be obtained in the both ends of a smoothing capacitor 



CL Moreover, he is trying to control the rush current which the rush current limit 
resistance Ri is inserted to that rectified-current path, for example, flows into a 
smoothing capacitor at a power up to this rectification smoothing circuit (Di, Ci). 
Switch PS is a powering-on switch. 

[0005] It sets in the power-factor-improvement circuit 20 shown in this drawing, 
and is filter choke coil LN-high-speed recovery mold diode D1 -choke coil LS to 
between the positive-electrode output terminal of the bridge rectifier circuit Di, 
and the positive-electrode terminal of a smoothing capacitor Ci. Series 
connection is carried out and it is inserted. Filter capacitor CN High-speed 
recovery mold diode D1 It is inserted to between the positive-electrode terminals 
of a smoothing capacitor Ci an anode side, and is the filter choke coil LN. The 
low pass filter of normal mode is formed. 

[0006] Moreover, to the power-factor-improvement circuit 20, it is the high-speed 
recovery mold diode D1 . The edge of the series resonant circuit of the upstream 
mentioned later is connected to the node of a cathode and a choke coil LS, and 
he is trying for the switching output obtained in this series resonant circuit to 
return. In addition, about the power-factor-improvement actuation by the 
power-factor-improvement circuit 20, it mentions later. 

[0007] This power circuit is equipped with the self-excitation-type current 
resonance form converter which uses as a power source of operation the 



rectification smooth electrical potential difference Ei which is a both-ends 
electrical potential difference of a smoothing capacitor CL The switching element 
Q1 according [ on this current resonance form converter and ] to two bipolar 
transistors as shown in drawing, and Q2 After carrying out half bridge 
association, as it inserts, it connects to during the node by the side of the 
positive electrode of a smoothing capacitor Ci, and a ground. These switching 
elements Q1 and Q2 Between each collector-base, starting resistances RS1 and 
RS2 are inserted, respectively. Moreover, a switching element Q1 and Q2 The 
resistance RB1 and RB2 connected to each base is a switching element Q1 and 
Q2. Base current (drive current) is set up. Moreover, a switching element Q1 and 
Q2 Between each base-emitter, clamp diodes DD1 and DD2 are inserted, 
respectively. Clamp diodes DD1 and DD2 form the current path of clamp current 
of flowing through a base-emitter at the period made respectively off [ switching 
elements Q1 and Q2 ]. And the capacitors CB1 and CB2 for resonance form the 
series resonant circuit for self-oscillation (self-oscillation drive circuit) with the 
drive windings NB1 and NB2 of the drive transformer PRT explained below, and 
are a switching element Q1 and Q2. A switching frequency is determined. 
[0008] The drive transformer PRT (Power Regulating Transformer) is a switching 
element Q1 and Q2. It is prepared in order to perform constant-voltage control 
by carrying out adjustable control of the switching frequency while driving, and in 



the case of this drawing, they are drive windings NB1 and NB2 and the 
resonance current detection coil ND. It is wound and is [ as opposed to / further / 
each of these coils ] a control winding NC. It considers as the saturable reactor 
of the rectangular mold wound in the direction which intersects perpendicularly. 
The end of the drive winding NB1 of this drive transformer PRT minds the series 
connection of the capacitor CB1 for resistance RB1 -resonance, and is a 
switching element Q1. Connecting with the base, the other end is a switching 
element Q1. It connects with an emitter. Moreover, while the end of a drive 
winding NB2 is grounded by the ground, the other end minds the series 
connection of the capacitor CB2 for resistance RB2-resonance, and it is a 
switching element Q2. It connects with the base. The drive winding NB1 and the 
drive winding NB2 are looped around so that the electrical potential difference of 
reversed polarity may occur mutually. 

[0009] The insulating converter transformer PIT (Power Isolation Transformer) is 
a switching element Q1 and Q2. A switching output is transmitted to secondary. 
Primary winding N1 of this insulating converter transformer PIT An end is the 
resonance current detection coil ND. It minds and is a switching element Q1. An 
emitter and switching element Q2 It is made to be obtained by connecting with 
the contact (point outputting [ switching ]) of a collector in a switching output. 
[0010] Moreover, primary winding N1 The other end is the series resonance 



capacitor C1. As it minds, it is the high-speed recovery mold diode D1 in the 
power-factor-improvement circuit 20. A cathode and choke coil LS It connects to 
the node. 

[0011] In this case, the above-mentioned series resonance capacitor C1 And 
primary winding N1 Although it connects with the serial, it is this series 
resonance capacitor C1. By the leakage inductance (leakage inductance) 
component of the insulating converter transformer PIT containing capacitance 
and a primary winding N1 (series resonance coil), the upstream series resonant 
circuit for making actuation of a switching converter into a current resonance 
form is formed. 

[0012] Moreover, after preparing a center tap to a secondary winding N2, 2 sets 
of full wave rectifier circuits by the group of [rectifier diodes DOI and D02 and 
smoothing capacitor COI] and the group of [rectifier diodes D03 and D04 and 
smoothing capacitor C02] are prepared secondary [ of the insulating converter 
transformer PIT in this drawing ] by connecting rectifier diodes DOI, D02, D03, 
and D04 and smoothing capacitors COI and C02, as shown in drawing. The full 
wave rectifier circuit which consists of [rectifier diodes DOI and D02 and 
smoothing capacitor COI] generates the direct-current output voltage EOl, and 
the full wave rectifier circuit which consists of [rectifier diodes D03 and D04 and 
smoothing capacitor C02] generates the direct-current output voltage E02. In 



addition, in this case, also to a control circuit 1, the direct-current output voltage 
E01 and the direct-current output voltage E02 branch, and are inputted. In a 
control circuit 1, the direct-current output voltage E01 is used as a detection 
electrical potential difference, and the direct-current output voltage E02 is used 
as a power source of a control circuit 1 of operation. 

[0013] A control circuit 1 is the control winding NC of the drive transformer PRT 
considering the direct current to which adjustable [ of the level ] is carried out 
according to the level of the secondary direct-current-voltage output E01 as the 
control current. By supplying, as it mentions later, constant-voltage control is 
performed. 

[0014] As switching operation of the power circuit by the above-mentioned 
configuration, when a commercial alternating current power source is first 
switched on by Switch PS, starting resistances RS1 and RS2 are minded, for 
example, and it is a switching element Q1 and Q2. Although the starting current 
will be supplied to the base, it is a switching element Q1, for example. If it 
became ON previously, it is a switching element Q2. It is controlled to become 
off. And switching element Q1 As an output, it is the resonance current detection 
coil ND -> primary-winding N1 -> series resonance capacitor C1. It is a switching 
element Q2 in near where this resonance current becomes 0 although the 
resonance current flows. It is controlled so that ON and a switching element Q1 



become off. And switching element Q2 It minds and the resonance current of 
hard flow flows with the point. Henceforth, a switching element Q1 and Q2 The 
switching operation of a self-excitation type which serves as ON by turns is 
started. Thus, it is a switching element Q1 and Q2, using terminal voltage of a 
smoothing capacitor Ci as a power source of operation. By repeating closing 
motion by turns, it is the primary winding N1 of the insulating converter 
transformer PIT. The drive current near a resonance current wave is supplied, 
and an alternation output is obtained to a secondary winding N2. 
[0015] Moreover, constant-voltage control by the drive transformer PRT is 
performed as follows. For example, it follows on alternating current input voltage 
level, a load effect, etc., and is the secondary output voltage E01. Supposing it 
changes so that it may go up, it is a control winding NC as mentioned above. 
The level of the flowing control current is also the secondary output voltage E01 . 
It is controlled to become high according to a rise. Although it acts so that it may 
become the inclination to approach a saturation state in the drive transformer 
PRT and the inductance of drive windings NB1 and NB2 may be reduced under 
the effect of the magnetic flux generated to the drive transformer PRT according 
to this control current, the conditions of a self-oscillation circuit change by this, 
and a switching frequency is controlled to become high, this power circuit — 
series resonance capacitor C1 And primary winding N1 a switching frequency is 



set up in a frequency domain higher than the resonance frequency of a series 
resonant circuit - **** (upper side control) - when a switching frequency 
becomes high as mentioned above, the switching frequency will separate to the 
resonance frequency of a series resonant circuit. Thereby, the resonant 
impedance of a series resonant circuit to a switching output becomes high. 
[0016] Thus, by resonant impedance becoming high, it is the primary winding N1 
of an upstream series resonant circuit. As a result of controlling the drive current 
supplied, secondary output voltage will be controlled and constant-voltage 
control will be achieved. In addition, the constant-voltage control system by the 
above approaches is made a "switching frequency control method" henceforth. 
[0017] Moreover, the power-factor-improvement actuation by the 
power-factor-improvement circuit 20 is as follows. It is a choke coil LS about the 
switching output supplied to the series resonant circuit (N1, C1) with the 
configuration of the power-factor-improvement circuit 20 shown in this drawing. It 
is made to return to a rectified-current path in the so-called magnetic coupling 
form through the inductive reactance it is supposed that the very thing has. 
[0018] Although a rectified-current path will be overlapped on the alternation 
electrical potential difference of a switching period with the switching output 
which returned as mentioned above, it is the high-speed recovery mold diode D1 
by superimposed part of the alternation electrical potential difference of this 



switching period. The actuation which is intermittent a switching period in the 
rectified current then will be obtained, and it sees according to this intermittence 
operation, and is the upper filter choke coil LN and the upper choke coil LS. An 
inductance will also rise. It is made for the charging current to a smoothing 
capacitor Ci to flow also at the period made by this lower [ rectification output 
voltage level ] than the both-ends electrical potential difference of a smoothing 
capacitor Ci. Consequently, as a result of making it the average wave of an 
alternating current input current approach the wave of alternating current input 
voltage and expanding the conduction angle of an alternating current input 
current, power factor improvement will be aimed at. 

[0019] Drawing 10 is the circuit diagram showing other examples of a 
configuration of the switching power supply circuit which can be constituted 
based on invention previously proposed by these people. Although it has the 
current resonance form converter by which half bridge association of the two 
switching elements was carried out, also let this power circuit be a separate 
excitation type about that drive method. Moreover, it considers as the 
configuration equipped with the power-factor-improvement circuit for aiming at 
power factor improvement also in this case. In addition, the same sign is 
attached about the same part as drawing 9 , and explanation is omitted. 
[0020] As a current resonance form converter of the upstream shown in this 



drawing, it has the switching elements Q11 and Q12 of two stones made into 
MOS-FET, for example. Here, half bridge association corresponding to a 
separate excitation type has been obtained by connecting the drain of a 
switching element Q11 with Rhine of the rectification smooth electrical potential 
difference Ei, connecting the drain of a switching element Q12 with the source of 
a switching element Q1 1 , and connecting the source of a switching element Q12 
to an upstream ground. A switching drive is carried out so that ON / off actuation 
may be repeated by turns by the oscillation drive circuit 2, and these switching 
elements Q11 and Q12 are intermittent, and consider the rectification smooth 
electrical potential difference Ei as a switching output. Moreover, the clamp 
diodes DD1 and DD2 connected to between the drain-source of each switching 
elements Q1 1 and Q12 in this case by the direction shown in drawing are formed. 
[0021] Moreover, it is [ as opposed to / in this case / the node (point outputting / 
switching /) of the source-drain of switching elements Q1 1 and Q12 ] the primary 
winding N1 of the insulating converter transformer PIT. By connecting an end, it 
is a primary winding N1. It receives and a switching output is supplied. Primary 
winding N1 The other end is the filter choke coil LN of the 
power-factor-improvement circuit 21 described below through the series 
resonance capacitor C1. High-speed recovery mold diode D1 It connects to a 
node with an anode. 



[0022] Also in this case, series resonance capacitor C1 Capacitance and 
primary winding N1 By the leakage inductance component of the included 
insulating converter transformer PIT, the series resonant circuit for making a 
switching power supply circuit into a current resonance form is formed. 
[0023] The control circuit 1 in this case is the direct-current output voltage E01. 
The control signal of the level corresponding to fluctuation is outputted to the 
oscillation drive circuit 2. In the oscillation drive circuit 2, based on the control 
signal supplied from the control circuit 1, the frequency of the switching driving 
signal supplied to each gate of switching elements Q11 and Q12 is changed 
from the oscillation drive circuit 2, and it is made to carry put adjustable [ of the 
switching frequency ]. And also in the power circuit shown in this drawing, the 
switching frequency is set up as a field higher than a series resonating frequency 
like the power circuit shown in drawing 9 . And direct-current output voltage E01 
If it goes up, according to the level, a control circuit 1 will perform control to the 
oscillation drive circuit 2 so that a switching frequency may be made high. 
Thereby, as drawing 9 explained, constant-voltage control is performed. In order 
that a bootstrap circuit 3 may detect the electrical potential difference or current 
acquired in rectification smooth Rhine and may start the oscillation drive circuit 2 
just behind powering on, it is prepared, and it has inputted the direct current 
voltage of the low obtained by rectifying the coil around which the insulating 



converter transformer PIT was looped additionally as a power source of 
operation. 

[0024] In the power-factor-improvement circuit 21 shown in this drawing, it is the 
filter choke coil LN-high-speed recovery mold diode D1 to between the 
positive-electrode output terminal of the bridge rectifier circuit Di, and the 
positive-electrode terminal of a smoothing capacitor Ci. Series connection is 
carried out and it is inserted. Here, it is a filter capacitor CN. Filter choke coil 
LN-high-speed recovery mold diode D1 It is prepared in juxtaposition to a series 
connection circuit. And it is a filter capacitor CN also by such topology. Filter 
choke coil LN The low pass filter of normal mode is formed. Moreover, resonant 
capacitor C3 High-speed recovery mold diode D1 It receives and is prepared in 
juxtaposition, although detailed explanation is omitted here - resonant capacitor 
C3 For example, filter choke coil LN etc. ~ a parallel resonant circuit is formed, 
and the resonance frequency is set up so that it may become almost equivalent 
to the resonance frequency of the series resonant circuit mentioned later. It has 
the operation which controls the rise of the rectification smooth electrical 
potential difference Ei when a load becomes light by this. To this 
power-factor-improvement circuit 21, as it stated also in advance, it is the filter 
choke coil LN. High-speed recovery mold diode D1 The edge of a series 
resonant circuit (N1, C1) is connected to a node with an anode. 



[0025] At such a topology, it is a primary winding N1. The switching output 
obtained is the series resonance capacitor C1. A switching output will be 
returned to a rectified-current path through electrostatic-capacity association. In 
this case, filter choke coil LN It will return so that the resonance current acquired 
by the primary winding N1 may flow to a node with the anode of the high-speed 
recovery mold diode D1, and a switching output will be impressed. 
[0026] Although a rectified-current path will be overlapped on the alternation 
electrical potential difference of a switching period because a switching output 
returns as mentioned above, it is the high-speed recovery mold diode D1 by 
superimposed part of the alternation electrical potential difference of this 
switching period. The actuation which is intermittent a switching period in the 
rectified current then will be obtained, and it sees according to this intermittence 
operation, and is the upper filter choke coil LN. An inductance will also rise. 
Moreover, although an electrical potential difference occurs to those both ends 
because the current of a switching period flows to a resonant capacitor C3, as 
for the level of the rectification smooth electrical potential difference Ei, only the 
both-ends electrical potential difference of this resonant capacitor C3 will be 
reduced. It is made for the charging current to a smoothing capacitor Ci to flow 
also at the period made by this lower [ rectification output voltage level ] than the 
both-ends electrical potential difference of a smoothing capacitor Ci. 



Consequently, it will be made for the average wave of an alternating current 
input current to approach the wave of alternating current input voltage, the 
conduction angle of an alternating current input current will be expanded, and 
power factor improvement will be aimed at too. 

[0027] Thus, although power factor improvement can be aimed at by having a 
power-factor-improvement circuit (20 21) in the power circuit shown in 
above-mentioned drawing 9 and drawing 10 , since the 
power-factor-improvement circuit shown in these drawings is formed of small 
components mark, it has the merit that power factor improvement can be aimed 
at, by efficient, the low noise, small lightweight, and low cost. 
[0028] 

[Problem(s) to be Solved by the Invention] Here, time amount change of the 
alternating current input current IAC when the switch PS about the power circuit 
shown in drawing 11 at above-mentioned drawing 9 and drawing 10 turns on at 
the peak period of the alternating current input voltage VAC is shown. If Switch 
PS is turned on at the peak period of the alternating current input voltage VAC, 
they are the bridge rectifier circuit Di, the filter choke coil LN, the high-speed 
recovery mold diode D1, and a choke coil LS. It minds, and the excessive inrush 
charging current more than 100A may flow to a smoothing capacitor Ci, the 
maximum allowed current of the bridge rectifier circuit Di, the high-speed 



recovery mold diode D1, and a smoothing capacitor Ci may be exceeded, and it 
may result in destruction. For this reason, as shown in drawing 9 and drawing 
10 , the rush current limit resistance Ri considered as mass low resistance was 
inserted in alternating current Rhine, and it has restricted so that the inrush 
charging current may become below 50A, as shown in drawing 11 . 
[0029] However, when the negative charge force is heavy loading beyond 200W, 
power loss increases and effectiveness falls. AC100V system shows the rush 
current limit resistance Ri to drawing 11 by large-sized cement resistance of 
1ohm/30W etc. -- as -- a time -- 1= 0 - setting -- alternating current input current 
IAC=50A -- time t= although it will be in the rated condition of alternating 
current input current IAC=5A in 60 (msec), power conversion effectiveness will 
fall by power loss. 

[0030] moreover - as the cure - the time of the 1 -second progress after ON of 
Switch PS - electromagnetism - the rush current limit resistance Ri is 
short-circuited by solid state switches, such as power relay or a thyristor, and a 
triac, and there is also a method which reduces power loss, however, this case - 
electromagnetism - therefore, a difficulty is in respect of component part mark or 
a cost side to prepare power relay or a solid state switch, and its circumference 
circuit element. 

[0031] Moreover, the relation between the alternating current input voltage VAC 



and a power-factor PF is shown in drawing 12 . Here, the property under the 
monograph affair at maximum load power Pomax=120 W:00 and minimum 
negative charge force Pomin=40 W:00 is shown. As shown in this drawing, it 
turns out that a power-factor PF declines-like [ a power-factor PF / 
proportionally ] according to the alternating current input voltage VAC rising. 
Moreover, as a power-factor PF in the conditions at minimum negative charge 
force Pomin=40 W:00, it has a power-factor lower than maximum load power 
Pomax=120W. That is, a power-factor PF declines by fluctuation of the 
alternating current input voltage VAC and the negative charge force Po. 
Although this is satisfactory, it means that these power circuits are not 
employable by the household-electric-appliances device by which the alternating 
current input voltage VAC and load conditions are specified, for example, a 
color-television receiving set, with the business machine which may have 
fluctuation of the alternating current input voltage VAC and load conditions, or 
information machines and equipment. 

[0032] The property shown in above-mentioned drawing 12 is carried out like 
drawing 13 as a wave of operation, and is shown. Here, the alternating current 
input voltage VAC at maximum load power Pomax=120 W:00 and the alternating 
current input current IAC are shown to drawing 13 (a) and (b) by alternating 
current input voltage VAC=100V, and the alternating current input voltage VAC 



at minimum negative charge force Pomin=40 W:00 and the alternating current 
input current IAC are shown to drawing 13 (c) and (d) by alternating current input 
voltage VAC=100V. It is set to PF=0.85 as a power-factor in fact at maximum 
load power Pomax=120 W:00, "on" period tau of the alternating current input 
current IAC being used as about 5ms noting that the half period of the alternating 
current input voltage VAC is 10ms. On the other hand, "on" period tau of the 
alternating current input current IAC becomes short at about 2.5ms, and falls 
even to about PF=0.65 as a power-factor at minimum negative charge force 
Pomin=40 W:00. It may not be satisfied with the value of the power-factor PF 
obtained at these minimum negative charge force Pomin=40 W:00 of the value 
as a power-factor demanded practically. 
[0033] 

[Means for Solving the Problem] Then, this invention is constituted as follows as 
a switching power supply circuit in consideration of the above-mentioned 
technical problem. That is, the rectifier diode which inputs a commercial 
alternating current power source and rectifies and a rectification smooth means 
to generate a rectification smooth electrical potential difference with a smoothing 
capacitor, The insulating converter transformer formed in order to form a gap 
and to transmit an upstream output to secondary so that the necessary coupling 
coefficient made into a loose coupling may be obtained, The switching means 



which is intermittent in the above-mentioned rectification smooth electrical 
potential difference with a switching element, and was made to be outputted to 
the primary winding of the above-mentioned insulating converter transformer, 
The upstream parallel resonant circuit which is formed of the leakage inductance 
component which contains the primary winding of the above-mentioned 
insulating converter transformer at least, and the capacitance of a parallel 
resonance capacitor, and makes actuation of the above-mentioned switching 
means a voltage resonance form, It returns through the tertiary winding and 
series resonance capacitor by which the switching output voltage obtained in the 
above-mentioned upstream resonance circuit while being inserted in a 
rectified-current path wound up the primary winding of the above-mentioned 
insulating converter transformer, and was formed. A power-factor-improvement 
means to improve a power-factor by being intermittent in the rectified current 
based on this switching output voltage that returned, The Softswitch means 
formed using the transistor so that it might be allotted to the preceding 
paragraph of the above-mentioned power-factor-improvement means and the 
rush current to the above-mentioned smoothing capacitor could be restricted in a 
power up, The secondary resonance circuit formed in secondary of the leakage 
inductance component of the secondary winding of the above-mentioned 
insulating converter transformer, and the capacitance of a secondary resonance 



capacitor, The direct-current output voltage generation means constituted so 
that the alternation electrical potential difference which is formed including the 
above-mentioned secondary resonance circuit, and is obtained by the 
secondary winding of the above-mentioned insulating converter transformer 
might be inputted, rectification actuation might be performed and secondary 
direct-current output voltage might be generated, It has the constant-voltage 
control means constituted so that constant-voltage control to secondary 
direct-current output voltage might be performed by carrying out adjustable 
control of the switching frequency of the above-mentioned switching means 
according to the level of the above-mentioned secondary direct-current output 
voltage. 

[0034] Moreover, the above-mentioned Softswitch means has the NPN transistor 
connected to the positive-electrode side of the above-mentioned rectifier diode, 
the resistance allotted between the collector-bases of the above-mentioned NPN 
transistor, and the capacitor arranged between the base of the above-mentioned 
NPN transistor, and a ground, and is formed. Or the above-mentioned Softswitch 
means has the PNP transistor connected to the negative-electrode side of the 
above-mentioned rectifier diode, the resistance allotted between the 
collector-bases of the above-mentioned PNP transistor, and the capacitor 
arranged between the base of the above-mentioned PNP transistor, and a 



ground, and is formed. 

[0035] According to the above-mentioned configuration, to the 
power-factor-improvement circuit with which the power circuit called compound 
resonance form converter is equipped, the switching output voltage obtained in 
an upstream resonance circuit will return through a tertiary winding and a series 
resonance capacitor. Moreover, with the Softswitch means using a transistor, it 
becomes unnecessary to be able to restrict the rush current of a power up and to 
prepare current-limiting resistance of mass low resistance in an alternating 
current input line by this or to form the circuit which short-circuits current-limiting 
resistance by the electromagnetic relay or the thyristor triac, and to calculate 
improvement in efficiency. 
[0036] 

[Embodiment of the Invention] Drawing 1 is the circuit diagram showing the 
configuration of the switching power supply circuit as a gestalt of operation of the 
1st of this invention. This establishes the Softswitch circuit 13 in what combined 
the self-oscillation type switching frequency-control method compound 
resonance form converter and the electrical-potential-difference feedback 
system magnetic coupling mold power-factor-improvement circuit. 
[0037] In the power circuit shown in this drawing, it has the full wave rectifier 
circuit which consists of a bridge rectifier circuit Di and a smoothing capacitor Ci 



as a rectification smoothing circuit for inputting a commercial alternating current 
power source (alternating current input voltage VAC), and obtaining 
direct-current input voltage, and the rectification smooth electrical potential 
difference Ei corresponding to the input voltage VAC 1 time the level of an 
alternating current is generated. Switch PS is a powering-on switch. In addition, 
to this rectification smoothing circuit, rush current limit resistance (Ri) as shown 
in drawing 9 and drawing 10 to that alternating current input line is not inserted. 
And in order to control the rush current which flows into a smoothing capacitor Ci 
at a power up, the Softswitch circuit 13 is formed between the 
power-factor-improvement circuits 10 the positive-electrode side of the bridge 
rectifier circuit Di. It mentions later in detail. 

[0038] The switching converter (voltage resonance mold converter) of a voltage 
resonance form is formed in the upstream of the power circuit shown in this 
drawing. And it has the power-factor-improvement circuit 10 to this voltage 
resonance mold converter. About the configuration of the 
power-factor-improvement circuit 10, it mentions later, and the configuration of a 
voltage resonance form converter is explained first. A voltage resonance form 
converter here is the switching element Q1 of one stone. The configuration of 
the self-excitation type which it had is taken. In this case, the bipolar transistor 
(BJT; junction type transistor) of high pressure-proofing is adopted as the 



switching element Q1. 

[0039] Switching element Q1 The base is a starting resistance RS. It minds, 
connects with the positive-electrode side of a smoothing capacitor Ci 
(rectification smooth electrical potential difference Ei), and the base current at 
the time of starting is made to be acquired from rectification smooth Rhine. 
Moreover, switching element Q1 Between the base and an upstream ground, 
they are a drive winding NB, a resonant capacitor CB, and the base 
current-limiting resistance RB. The resonance circuit for a self-oscillation drive 
(self-oscillation drive circuit) which consists of a series connection circuit is 
connected. Moreover, switching element Q1 Clamp diode DD inserted between 
the base and the negative electrode (primary side grounds) of a smoothing 
capacitor Ci Switching element Q1 The path of clamp current of flowing at the 
time of OFF is formed. Switching element Q1 A collector is connected with the 
positive-electrode terminal of a smoothing capacitor Ci through the series 
connection of the primary-winding N1 -detection coil ND. An emitter is grounded 
by the upstream ground. 

[0040] Moreover, the above-mentioned switching element Q1 The parallel 
resonance capacitor Cr is connected to between collector emitters. This parallel 
resonance capacitor Cr forms the upstream parallel resonant circuit of a voltage 
resonance form converter with own capacitance and the leakage inductance L1 



by the side of the primary winding N1 of the insulating converter transformer PIT 
mentioned later. And although detailed explanation is omitted here, it is a 
switching element Q1. At the time of OFF, according to an operation of this 
parallel resonant circuit, the both-ends electrical potential difference of a 
resonant capacitor Cr serves as sine wave-like pulse shape in fact, and 
actuation of a voltage resonance form is obtained. 

[0041] The rectangular mold control transformer PRT shown in this drawing is 
the saturable reactor with which the detection coil ND, the drive winding NB, and 
the control winding NC were looped around. This rectangular mold transformer 
PRT is formed for constant-voltage control while driving a switching element Q1. 
As structure of this rectangular mold control transformer PRT, although 
illustration is omitted, as it joins the edge of the mutual magnetic leg of the 
character type core of two DABURUKO which has four magnetic legs, it forms a 
solid mold core. And to two predetermined magnetic legs of this solid mold core, 
the detection coil ND and a drive winding NB are looped around in the same 
winding direction, a control winding NC is further looped around in the direction 
which intersects perpendicularly to the above-mentioned detection coil ND and a 
drive winding NB, and it is constituted. 

[0042] In this case, the detection coil ND of the rectangular mold control 
transformer PRT (frequency adjustable means) is connecting with the primary 



winding N1 of the insulating converter transformer PIT mentioned later, and a 
serial, and the switching output of a switching element Q1 is transmitted to the 
detection coil ND through a primary winding N1. In the rectangular mold control 
transformer PRT, it is that the switching output obtained by the detection coil ND 
is excited by the drive winding NB through transformer coupling, and the 
alternation electrical potential difference as a drive electrical potential difference 
occurs in a drive winding NB. This drive electrical potential difference is 
outputted to the base of a switching element Q1 as a drive current through the 
base current-limiting resistance RB from the series resonant circuit (NB, CB) 
which forms a self-oscillation drive circuit. By this, a switching element Q1 will 
perform switching operation on the switching frequency determined with the 
resonance frequency of a series resonant circuit (NB, CB). 
[0043] As shown in drawing 2 , it had EE mold core which combined E mold 
cores CR1 and CR2 by ferrite material so that a mutual magnetic leg might 
counter, and the insulating converter transformer PIT of the gestalt of this 
operation is looped around to the central magnetic leg of this EE mold core, 
where a primary winding N1 (and tertiary winding N3) and a secondary winding 
N2 are divided using the division bobbin B, respectively. And as shown in 
drawing, he is trying to form a gap G to a central magnetic leg. The loose 
coupling by the necessary coupling coefficient is made to be obtained by this. A 



gap G can form the central magnetic leg of E mold cores CR1 and CR2 by 
forming shorter than two outer magnet feet. Moreover, he is trying to acquire the 
condition of a loose coupling called k**0.85 as a coupling coefficient k, for 
example, and it is hard to acquire the part and a saturation state. 
[0044] The end of the primary winding N1 of the above-mentioned insulating 
converter transformer PIT is a switching element Q1. It connects with a collector 
and the other end side is connected with the positive electrode (rectification 
smooth electrical potential difference Ei) of a smoothing capacitor Ci through the 
series connection of the detection coil ND. Furthermore, the tertiary winding N3 
in which the primary winding could wind up and was formed functions as a 
feedback winding, and is connected to the cathode of the high-speed recovery 
form diode D1 in the power-factor-improvement circuit 10 through the series 
resonance capacitor C3. 

[0045] At secondary [ of the insulating converter transformer PIT ], it is a primary 
winding N1. The alternation electrical potential difference by which induction was 
carried out occurs in a secondary winding N2. In this case, to a secondary 
winding N2, it is the secondary parallel resonance capacitor C2. It is connecting 
with juxtaposition and a parallel resonant circuit is formed of the leakage 
inductance L2 of a secondary winding N2, and the capacitance of the secondary 
parallel resonance capacitor C2. The alternation electrical potential difference 



excited by this parallel resonant circuit at a secondary winding N2 turns into 
resonance voltage. That is, voltage resonance actuation is obtained in 
secondary. 

[0046] That is, in this power circuit, the upstream is equipped with the parallel 
resonant circuit for making switching operation into a voltage resonance form, 
and it has a parallel resonant circuit for obtaining voltage resonance actuation 
also to secondary. In addition, on these specifications, it will also be called a 
"compound resonance form switching converter" about the switching converter 
of a configuration of having a resonance circuit and operating to the upstream 
and secondary, in this way. 

[0047] As opposed to the secondary parallel resonant circuit formed by making it 
like in this case, the above - After preparing a tap to a secondary winding N2, by 
connecting rectifier diodes DOI, D02, D03, and D04 and smoothing capacitors 
COI and C02, as shown in drawing 2 sets of full wave rectifier circuits by the 
group of [rectifier diodes DOI and D02 and smoothing capacitor COI] and the 
group of [rectifier diodes D03 and D04 and smoothing capacitor C02] are 
prepared. The full wave rectifier circuit which consists of [rectifier diodes DOI 
and D02 and smoothing capacitor COI] generates the direct-current output 
voltage E01 , and the full wave rectifier circuit which consists of [rectifier diodes 
D03 and D04 and smoothing capacitor C02] generates the direct-current 



output voltage E02. In addition, in this case, also to a control circuit 1, the 
direct-current output voltage E01 and the direct-current output voltage E02 
branch, and are inputted. In a control circuit 1, the direct-current output voltage 
E01 is used as a detection electrical potential difference, and the direct-current 
output voltage E02 is used as a power source of a control circuit 1 of operation. 
[0048] A control circuit 1 is the control winding NC of the drive transformer PRT 
considering the direct current to which adjustable [ of the level ] is carried out 
according to the level of the secondary direct-current-voltage output E01 as the 
control current. By supplying, constant-voltage control is performed like the 
after-mentioned. 

[0049] By the way, it sets to the insulating converter transformer PIT, and they 
are a primary winding N1 and a secondary winding N2. By the relation between 
a polarity (the direction of a volume), and connection of rectifier-diode DO (DOI , 
D02, D03, D04), it is a primary winding N1. An inductance L1 and secondary 
winding N2 Inductance L2 It may be set to the case where it is set to +M, and -M, 
about mutual-inductance M. For example, when taking the topology shown in 
drawing 3 (a), a mutual inductance is set to +M (additive polarity: forward 
method), and a mutual inductance is set to -M (subtractive polarity: flyback 
method) when taking the topology shown in drawing 3 (b). When this is made to 
correspond to secondary actuation of the power circuit shown in drawing 1 , it is 



a secondary winding N2, for example. The actuation in which the rectified 
current flows to rectifier-diode DOI (D03) when the alternation electrical 
potential difference obtained is straight polarity + It can be regarded as the mode 
of operation (forward method) of M, and is a secondary winding N2 conversely. It 
can be concluded that the actuation in which the rectified current flows to 
rectifier-diode D02 (D04) when the alternation electrical potential difference 
obtained is negative polarity is the mode of operation (flyback method) of -M. 
That is, in this power circuit, whenever the alternation electrical potential 
difference obtained by the secondary winding serves as forward/negative one, a 
mutual inductance will operate in the mode of +M/-M. 

[0050] In a control circuit 1, adjustable control of the inductance LB of the drive 
winding NB around which the rectangular mold control transformer PRT was 
looped is carried out by carrying out adjustable [ of the control current (direct 
current) level passed to a control winding NC ] according to change of secondary 
direct-current output voltage level (E01). Thereby, the resonance conditions of 
the series resonant circuit in the self-oscillation drive circuit for the switching 
element Q1 formed including the inductance LB of a drive winding NB change. 
Although this serves as actuation which carries out adjustable [ of the switching 
frequency of a switching element Q1 ], it has the operation which stabilizes 
secondary direct-current output voltage by this actuation. 



[0051] And in the circuit shown in this drawing, the period when a switching 
element Q1 becomes off in carrying out adjustable [ of the switching frequency ] 
is made to carry out adjustable control of the period used as ON, in being fixed. 
That is, in this power circuit, it can be concluded that resonant impedance 
control to a switching output is performed, and it can come by operating as 
constant-voltage control action so that adjustable control of the switching 
frequency may be carried out, simultaneously conduction angle control (PWM 
control) of the switching element in a switching period is also performed. And 1 
set of control circuit systems have realized this complex control action. Here, 
when it becomes the inclination of a light load, for example and secondary 
output voltage rises as switching frequency control, it shall be carried out by 
making a switching frequency high in control so that a secondary output may be 
controlled. 

[0052] Then, the configuration of the power-factor-improvement circuit 10 is 
explained. In the power-factor-improvement circuit 10 shown in this drawing, the 
Softswitch circuit 13 is minded from the positive-electrode output terminal of the 
bridge rectifier circuit Di, and it is the high-speed recovery mold diode D1 -choke 
coil LS. Series connection is carried out and it is inserted. Filter capacitor CN 
High-speed recovery mold diode D1 It is inserted to between the 
positive-electrode terminals of a smoothing capacitor Ci an anode side, and the 



low pass filter of normal mode is formed. 

[0053] Moreover, to the power-factor-improvement circuit 10, it is the high-speed 
recovery mold diode D1. Although the tertiary winding N3 of the insulating 
converter transformer PIT is connected through the series resonance capacitor 
C3 to the node of a cathode and a choke coil LS, he is trying to return through 
the inductive reactance (magnetic coupling) in which the choke coil Ls itself has 
by this the switching output voltage (voltage resonance pulse voltage) obtained 
in an upstream parallel resonant circuit. 

[0054] The power-factor-improvement actuation by such 
power-factor-improvement circuit 10 is as follows fundamentally. Although the 
switching output obtained in an upstream parallel resonant circuit returns as 
mentioned above with the configuration of the power-factor-improvement circuit 
10 shown in this drawing, a rectified-current path will be overlapped on the 
alternation electrical potential difference of a switching period with the switching 
output which returned. By superimposed part of the alternation electrical 
potential difference of this switching period, it is the high-speed recovery mold 
diode D1. The actuation which is intermittent a switching period in the rectified 
current then will be obtained, and it sees according to this intermittence 
operation, and is the upper choke coil LS. An inductance will also rise. It is made 
for the charging current to a smoothing capacitor Ci to flow also at the period 



made by this lower [ rectification output voltage level ] than the both-ends 
electrical potential difference of a smoothing capacitor Ci. Consequently, as a 
result of making it the average wave of an alternating current input current 
approach the wave of alternating current input voltage and expanding the 
conduction angle of an alternating current input current, power factor 
improvement will be aimed at. 

[0055] By this example, the circuit system as an electrical-potential-difference 
feedback system with which the voltage resonance pulse voltage which is the 
switching output obtained in an upstream parallel resonant circuit returns to the 
node of the high-speed recovery mold diode D1 and a choke coil LS is formed 
here by the tertiary winding N3 of the insulating converter transformer PIT being 
connected to the cathode of the high-speed recovery mold diode D1 through the 
series resonance capacitor C3, as mentioned above. 

[0056] And if the voltage resonance pulse voltage produced at the "off 1 ' period of 
a switching element Q1 has the value higher than an electrical potential 
difference Ei which applied the pulse voltage of a tertiary winding N3 to the 
alternating current input voltage VAC even when the alternating current input 
voltage VAC is lower than the electrical potential difference Ei of a smoothing 
capacitor Ci since a smoothing capacitor Ci side just becomes, the alternating 
current input current IAC from AC power supply AC will be charged by the 



smoothing capacitor Ci through bridge rectifier-circuit Di-> Softswitch circuit 13 -> 
high-speed recovery mold diode D1 -> choke coil LS. Consequently, as shown in 
drawing 4 , a conduction angle is expanded and a power-factor PF improves. 
Drawing 4 (a), (b), (e), and (f) show each wave of the current ILS which flows the 
alternating current input voltage VAC, the alternating current input current IAC, 
the feedback electrical potential difference V2, and a choke coil LS of operation. 
[0057] Although the charge energy of a smoothing capacitor Ci changes a form, 
this became the charging current (current ILS), and the excitation energy emitted 
by the tertiary winding N3 charged the smoothing capacitor Ci, and has returned 
to charge energy again. Moreover, with this electrical-potential-difference 
feedback system, in the period when the alternating current input voltage VAC is 
low, the high-speed recovery mold diode D1 will be in an OFF state, and a 
current ID 2 does not flow. 

[0058] The Softswitch circuit 13 is constituted by the transistor Q3 of an NPN 
mold, resistance R1, the electrolytic capacitor C10 of small capacity, and diode 
D3. And the collector of a transistor Q3 is connected to the positive-electrode 
side of the bridge rectifier circuit Di, and the emitter of a transistor Q3 is 
connected to the power-factor-improvement circuit 10. Moreover, resistance R1 
is allotted between the collector-bases of a transistor Q3, and a capacitor C10 is 
arranged between the primary [ -] base side grounds of a transistor Q3. Between 



the emitter-bases of a transistor Q3, diode D3 is connected as an object for 
reverse voltage prevention of the base emitter electrical potential difference VBE. 
[0059] In the steady state, a transistor Q3 is an ON state, in forward [ of the 
alternating current input voltage VAC ], and a negative period, collector current 
Ic continues flowing continuously, and the collector emitter electrical potential 
difference VCE is in the saturation voltage condition. The resistance of 
resistance R1 is selected so that it may become lc<hFE- (base current IB). And 
in the steady state from which a transistor Q3 serves as ON, the collector emitter 
electrical potential difference VCE and collector current Ic of a transistor Q3 
become as shown in drawing 4 (c) and (d). 

[0060] Drawing 5 shows the situation of change of the alternating current input 
current IAC when Switch PS is turned on at the peak period of the alternating 
current input voltage VAC. It is determined that the resistance of resistance R1 
will be set to collector current lc=15A if the ASO field of a transistor Q3 is 
collector current lc<16A. And a capacitor C10 has the operation which makes 
slow the standup of the alternating current input current IAC after switch PS ON 
with the time constant of resistance R1 and a capacitor C10. The soft start 
function by this soft start circuit 13 works. Therefore, like drawing 5 Even if 
Switch PS is set to ON at the peak period of the alternating current input voltage 
VAC, the alternating current input current IAC It does not flow to a smoothing 



capacitor Ci as the excessive inrush charging current. Therefore, even if 
current-limiting resistance is not prepared in an alternating current input line like 
this example, the alternating current input current IAC does not exceed the 
maximum allowed current of the bridge rectifier circuit Di, the high-speed 
recovery mold diode D1, and a smoothing capacitor Ci. 

[0061] That is, since the rush current limit resistance Ri of the mass low 
resistance inserted in alternating current Rhine as shown in drawing 9 and 
drawing 10 becomes unnecessary, the power loss by the rush current limit 
resistance Ri is lost, and its power conversion effectiveness improves, moreover 
— while natural by it — the time of the 1 -second progress after ON of Switch PS -- 
electromagnetism - by solid state switches, such as power relay or a thyristor, 
and a triac, the rush current limit resistance Ri is short-circuited, and it becomes 
unnecessary [ the circuit section which reduces power loss ]. 
[0062] In addition, the transistor Q3 in this Softswitch circuit 13 is easy to be the 
thing of a low-speed switching characteristic, and can adopt the cheap 
general-purpose transistor of high hFE by low pressure-proofing in practice. 
[0063] Moreover, about the switching power supply circuit of this example, it is 
the range of maximum load power POmax=140W and minimum negative charge 
force POmin=0W, and experimented under the conditions of a switching 
frequency fs=100kHz-200kHz control range to fluctuation of alternating current 



input voltage VAC=80V-140V further. Consequently, as shown in drawing 6 , to 
fluctuation, under the monograph affair of negative charge force PO=140W-20W, 
it was mostly fixed and power-factor PF=0.8 were obtained in the range of 
alternating current input voltage VAC=80V-140V. Moreover, as shown in 
drawing 7 , in the condition of alternating current input voltage VAC=100V, the 
power-factor PF was set to 0.8 almost uniformly to a load effect called negative 
charge force PO=140W-20W. 

[0064] Thus, the rate of high tensile is maintainable also to fluctuation of 
alternating current input voltage and a load in the power circuit of the gestalt of 
this operation. For this reason, it becomes possible practically enough to carry 
the power circuit of the gestalt of this operation to business machines with which 
it is not limited to the television receiver with which alternating current input 
voltage and load conditions are specified, for example, load conditions are 
changed, such as a business machine and a personal computer. 
[0065] Moreover, 50Hz ripple voltage component of the secondary direct-current 
output voltage level EOl also serves as range which is satisfactory practically as 
a power circuit which remains in the increment to about 75mV when not having 
the power-factor-improvement circuit 10 from about 50mV, for example, is used 
for color television etc. 

[0066] Then, drawing 8 explains the gestalt of operation of the 2nd of this 



invention. This example is an example which prepared Softswitch circuit 13A in 
what combined the separate excitation oscillation mold switching 
frequency-control method compound resonance form converter and the 
electrical-potential-difference feedback system magnetic coupling mold 
power-factor-improvement circuit. In addition, in this drawing, the same sign is 
given to the same part as drawing 1, and explanation is omitted. Moreover, it 
shall have the structure same as an insulating converter transformer PIT shown 
in this drawing as what was previously shown in drawing 2 . 
[0067] In this drawing, the voltage resonance form converter with which the 
upstream is equipped has taken the configuration of a separate excitation type, 
for example, it has the switching element Q21 by MOS-FET of one stone. The 
drain of a switching element Q21 is connected with the positive electrode of a 
smoothing capacitor Ci through a primary winding N1, and the source is 
connected to an upstream ground. Moreover, the parallel resonance capacitor 
Cr is connected between the drain-sources of a switching element Q21. 
Furthermore, the clamp diode DD is connected to juxtaposition to between the 
drain-source of a switching element Q21 . 

[0068] The switching drive of the above-mentioned switching element Q21 is 
carried out by oscillation / drive circuit 2 so that the switching operation 
previously explained by drawing 1 may be obtained. That is, in a control circuit 1, 



the current or electrical potential difference of level changed according to 
fluctuation of the secondary direct-current output voltage E01 is supplied to 
oscillation / drive circuit 2. In oscillation / drive circuit 2, according to the output 
level from a control circuit 1, the period outputs the switching driving signal 
(electrical potential difference) by which adjustable was carried out to the gate of 
a switching element Q21 so that stabilization of the secondary direct-current 
output voltage E01 may be attained. Although adjustable [ of the switching 
frequency of a switching element Q21 ] is carried out by this, as drawing 1 also 
described on this occasion, the period when a switching element Q21 becomes 
off is made to output the switching driving signal which generated by carrying out 
so that adjustable [ of the period used as ON ] may be carried out as fixed. 
[0069] In this case, it is made for the bootstrap circuit 3 to have the actuation for 
starting oscillation / drive circuit 2 performed by the electrical potential difference 
at the time of starting obtained by the coil N4 around which the rectification 
smooth electrical potential difference Ei obtained by the smoothing capacitor Ci 
is supplied as a power source of operation to the bootstrap circuit 3, and the 
insulating converter transformer PIT was looped additionally. 
[0070] Moreover, the power-factor-improvement circuit 11 shown in this drawing 
minds Softswitch circuit 13A from the positive-electrode output terminal of the 
bridge rectifier circuit Di, and is filter choke coil LN-high-speed recovery mold 



diode D1 -choke coil LS. Series connection is carried out and it is inserted. Filter 
capacitor CN High-speed recovery mold diode D1 It is inserted to between the 
positive-electrode terminals of a smoothing capacitor Ci an anode side, and the 
low pass filter of normal mode is formed with the filter choke coil LN. 
[0071] Moreover, to the power-factor-improvement circuit 1 1 , it is the high-speed 
recovery mold diode D1. Although the tertiary winding N3 of the insulating 
converter transformer PIT is connected through the series resonance capacitor 
C3 to the node of a cathode and a choke coil LS, he is trying for the switching 
output voltage (voltage resonance pulse voltage) obtained in an upstream 
parallel resonant circuit to return by this. Also in this case, the switching output 
voltage obtained in an upstream parallel resonant circuit returns as well as the 
example of drawing 1 through the inductive reactance (magnetic coupling) which 
the choke coil Ls itself has. Moreover, a primary winding can wind up the tertiary 
winding N3 (feedback winding) in the insulating converter transformer PIT, and it 
is formed. 

[0072] By such configuration, if the value which applied the pulse voltage of a 
tertiary winding N3 to the alternating current input voltage VAC is higher than an 
electrical potential difference Ei even when the alternating current input voltage 
VAC is lower than the electrical potential difference Ei of a smoothing capacitor 
Ci, a smoothing capacitor Ci will charge through bridge rectifier-circuit Di-> filter 



choke coil LN-> high-speed recovery mold diode D1 -> choke coil LS, 
consequently a conduction angle will expand the alternating current input current 
IAC from AC power supply AC, and its power-factor PF will improve. And it 
becomes practically sufficient thing to business machines with which the rate of 
high tensile can be maintained also to fluctuation of alternating current input 
voltage and a load, and it is not limited to the television receiver with which 
alternating current input voltage and load conditions are specified, for example, 
load conditions are changed, such as a business machine and a personal 
computer. 

[0073] And in the case of this example, Softswitch circuit 13A is constituted by 
the transistor Q4 of an PNP mold, resistance R1, the electrolytic capacitor C10 
of small capacity, and diode D3. And the collector of a transistor Q4 is connected 
to the negative-electrode side of the bridge rectifier circuit Di. Resistance R1 is 
allotted between the collector-bases of a transistor Q4, and a capacitor C10 is 
arranged between the primary [ -] base side grounds of a transistor Q4. 
Moreover, between the emitter-bases of a transistor Q4, diode D3 is connected 
as an object for reverse voltage prevention of the base emitter electrical potential 
difference VBE. 

[0074] That is, this Softswitch circuit 13A is considered as the configuration 
which used the transistor of an PNP mold, and is inserted in the 



negative-electrode side of the bridge rectifier circuit Di. Even if it becomes being 
the same as that of the Softswitch circuit 13 of drawing 1 as actuation, and the 
standup of the alternating current input current IAC after switch PS ON is made 
late by this Softswitch circuit 13A, therefore Switch PS is set to ON at the peak 
period of the alternating current input voltage VAC, the alternating current input 
current IAC does not flow to a smoothing capacitor Ci as the excessive inrush 
charging current. For this reason, it becomes unnecessary to prepare 
current-limiting resistance in an alternating current input line. 
[0075] In addition, also in this Softswitch circuit 13A, a transistor Q4 is easy to be 
the thing of a low-speed switching characteristic, and can adopt the cheap 
general-purpose transistor of high hFE by low pressure-proofing in practice. 
[0076] By the way, in secondary [ of the power circuit shown in this drawing 8 ], 
the end of a secondary winding N2 is connected to a secondary ground, and the 
other end is connected to the node of the anode of rectifier-diode DOI, and the 
cathode of rectifier-diode D02 through the series connection of the series 
resonance capacitor Cs 1. The cathode of rectifier-diode DOI is connected with 
the positive electrode of smoothing capacitor COI, and the anode of 
rectifier-diode D02 is connected to a secondary ground. The negative-electrode 
side of smoothing capacitor COI is connected to a secondary ground. 
[0077] In such a topology, the voltage doubler half wave rectifier circuit which 



consists of the group of [the series resonance capacitor Cs, rectifier diodes DOI 
and D02, and smoothing capacitor COI] will be prepared as a result. Here, the 
series resonance capacitor Cs forms the series resonant circuit corresponding to 
ON / off actuation of rectifier diodes DOI and D02 by own capacitance and the 
leakage inductance component of a secondary winding N2. That is, the power 
circuit of the gestalt of this operation takes the configuration of the compound 
resonance form switching converter by which the upstream was equipped with 
the parallel resonant circuit for making switching operation into a voltage 
resonance form, and secondary was equipped with the series resonant circuit for 
obtaining voltage doubler half-wave rectification actuation. 
[0078] Here, as voltage doubler half-wave rectification actuation by the group of 
the above [the series resonance capacitor Cs, rectifier diodes DOI and D02, 
and smoothing capacitor COI], it is as follows. If a switching output is obtained 
by the primary winding N1 by the switching operation of the upstream, this 
switching output will be excited by the secondary winding N2. A voltage doubler 
rectifier circuit inputs the alternation electrical potential difference obtained by 
this secondary winding N2, and performs rectification actuation. In this case, in 
the period when rectifier-diode DOI becomes off first at, and rectifier-diode D02 
serves as ON, it operates in the subtractive-polarity mode in which the polarity 
(mutual-inductance M) of a primary winding N1 and a secondary winding N2 is 



set to -M, and the actuation which charges the rectified current which rectified by 
rectifier-diode D02 to the series resonance capacitor Cs according to the series 
resonance operation by the leakage inductance of a secondary winding N2 and 
the series resonance capacitor Cs is obtained. 

[0079] And rectifier-diode D02 becomes off, and it becomes the additive polarity 
mode in which the polarity (mutual-inductance M) of a primary winding N1 and a 
secondary winding N2 is set to +M, in the period which rectifier-diode DOI 
serves as ON, and performs rectification actuation, and becomes the actuation 
to which charge is carried out to smoothing capacitor COI in the condition that 
the series resonance that the potential of the series resonance capacitor Cs 
joins the electrical potential difference by which induction was carried out to the 
secondary winding N2 arises. In smoothing capacitor COI, the direct-current 
output voltage [ / the twice / about / of the induced voltage of a secondary 
winding N2 ] E01 (rectification smooth electrical potential difference) is obtained 
because the insulating converter transformer PIT repeats additive polarity mode 
(+M; forward actuation) and subtractive-polarity mode (-M; flyback actuation) by 
turns as mentioned above. Thus, he is trying to obtain the secondary 
direct-current output voltage Eo1 by performing voltage doubler half-wave 
rectification. 

[0080] In addition, he is trying for this example to generate the direct-current 



output voltage E02 by the full wave rectifier circuit which consists of rectifier 
diodes D03 and D04 and smoothing capacitor C02 being connected with a 
secondary winding N2, after looping around secondary-winding N2A 
independently and grounding a center tap to a ground to this secondary-winding 
N2A. 

[0081] As mentioned above, although the gestalt of operation of this invention 
has been explained, a modification is further considered by Oshi. These people 
have already proposed the configuration equipped with four voltage doubler 
rectifier circuits using a secondary series resonant circuit as a compound 
resonance form switching converter, and such a configuration may also be 
materialized as a modification of the gestalt of this operation. That is, as a gestalt 
of this operation, it is not limited especially as a configuration of a secondary 
resonance circuit and a rectifier circuit. Moreover, such a secondary voltage 
doubler rectifier circuit and four voltage doubler rectifier circuits are employable 
as the upstream as previously shown in drawing 1 also to the circuit equipped 
with the self-excitation-type voltage resonance form converter. 
[0082] Moreover, although the so-called configuration of the single end method 
equipped with the switching element of one stone is taken as a voltage 
resonance form converter of the upstream if it is in the gestalt of each 
above-mentioned implementation, this invention is applicable also to the 



so-called push pull method to which the switching element of two stones is made 

to switch by turns. 

[0083] 

[Effect of the Invention] it is effective in the ability to be able to offer a fully 
employable practically power circuit to the business machine , the personal 
computer , etc. with which the property that a power-factor rises with the fall of 
the negative charge force is acquire by a power-factor become about 1 law to 
fluctuation of alternating current input voltage in the power circuit as a compound 
resonance form converter by which this invention was equipped with the power 
factor improvement circuit as explained above , for this reason load conditions 
change And further, by it becoming unnecessary to insert rush current limit 
resistance in an alternating current input line with a soft start means, large-sized 
elevated-temperature exoergic components become unnecessary, and power 
conversion effectiveness improves by the dissolution of the power loss by rush 
current limit resistance. In addition, the soft start means with the transistor of the 
NPN mold of low pressure-proofing and a hyposaturation electrical potential 
difference or an PNP mold is low loss, and the heat sink is unnecessary, in order 
[ therefore, ] to short-circuit rush current limit resistance — electromagnetism — 
becoming collector dissipation almost equivalent to drive power 0.5W in the case 
of preparing power relay, the power loss by the soft start means of this invention 
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is extent which does not pose a problem practically, moreover, the 
electromagnetism accompanying rush current limit resistance 
electromagnetism since it is not necessary to prepare power relay - secondary 
defective pair policies when power relay is open and breaks down also become 
unnecessary, moreover, the electromagnetism accompanying rush current limit 
resistance and it - as compared with preparing the resistance short circuit 
system by power relay or the solid state switch, circuitry becomes very simple 
and will become sharply advantageous in respect of component part mark or 
cost. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the configuration of the switching 
power supply circuit as a gestalt of operation of the 1st of this invention. 
[Drawing 2] It is the sectional side elevation showing the structure of the 
insulating converter transformer adopted as the power circuit of the gestalt of 
this operation. 

[Drawing 3] It is the explanatory view showing each actuation in case a mutual 
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V. 

inductance is +M/-M. 

[Drawing 4] It is the wave form chart showing actuation of the switching power 
supply circuit of the gestalt of this operation. 

[Drawing 5] It is the explanatory view of the input alternating current of a power 
up about the switching power supply circuit of the gestalt of this operation. 
[Drawing 6] It is the property Fig. showing the relation between the alternating 
current input voltage of the switching power supply circuit of the gestalt of the 1st 
operation, and a power-factor. 

[Drawing 7] It is the property Fig. showing the negative charge force of the 
switching power supply circuit of the gestalt of the 1st operation, and the relation 
of a power-factor. 

[Drawing 8] It is the circuit diagram showing the 2nd configuration of the 
switching power supply circuit of the gestalt of operation. 

[Drawing 9] It is the circuit diagram showing the configuration of the power circuit 
as advanced technology. 

[Drawing 10] It is the circuit diagram showing the configuration of the power 
circuit as advanced technology. 

[Drawing 11] It is the explanatory view of the input alternating current of the 
power up of the power circuit of the advanced technology. 

[Drawing 12] It is the property Fig. showing the relation between the alternating 



current input voltage of the power circuit of the advanced technology, and a 
power-factor. 

[Drawing 13] It is the wave form chart showing the actuation to the input of the 
commercial alternating current power source according to the negative charge 
force of the power circuit of the advanced technology. 
[Description of Notations] 

1 10 Control Circuit, 11 13 Power-Factor-Improvement Circuit, 13A Soft Start 
Circuit, Di Bridge Rectifier Circuit, Ci Smoothing Capacitor, LS Choke Coil, D1 
High-speed Recovery Mold Diode, C3 Resonant Capacitor, C2 Secondary 
Parallel Resonance Capacitor, Cs1 Secondary Series Resonance Capacitor, 
PRT Rectangular Mold Control Transformer, PIT Insulating Converter 
Transformer, Q1, Q21 Switching Element 
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[0 0 3 0] £fc, ^co>itMi:UT, X^'yf-PScO^ 
>^co 1 #^B#{Clt^^ , 7- 'J U— , gitV^i+J-'i' U X 
h^^T^y ^^cD^ttX^'y^tckoT, S^A* 

[0031] &tz, iai2»c(±, ^m.xt>mmvkctti 

*PFtOH«tfS3nr^6, CCTti, »AmM* 
y^P omax= 1 2 OWBfh, hI/JnA^*^! P o min= 4 0 

^tl5J;?{C, ^PFtt, 3S»«[A*«EVAC^±* 
-T 3 cote J£CT, T^^P Ftttt^JW^{gTLTV^< C t 
#*ttPS„ Sfc, g/jNft^«^/P omin= 4 OWB^co^ 
ffTcD7:^P F i: LTfi, «A*#«7^ P omax= 1 2 

JEEVAC-^ftMS^P o^ffilfCioT, T^PFjWST 

t ^ s ^«ng§, (if* ? u tr sy a y &m®& if 

[00 3 2] ±EBB 1 2 ic^Lfcnmi, JftfPiSJB t L 
Tttiai 3(D£r>l,cLX7n-£t\Z><> CCX\ El 1 3 



(6) 



<8m 2001-136746 



(a) (b) tcti, 3£i7&A2>«JIVAC= 1 OOVT'l^: 
MMMtlP omax= 1 2 0 WB#©^)5ltA^llE VAC, 5£ 

mxttmu i Aca^^n, 013 (c) (d) ta, £ 

»SA^*l±VAC= 1 0 0 VT-»/jNm#«^P omin= 4 
0 WB#©£i5?tA7J*/±VAC, SSlftATjfll&it 1 AC*^*n 

t^§o 3zm\t>mE.v kc<£>¥-mmw 1 omsmk 

LT, i^Ml^P omax= 1 2 OWB#{r«, 3?MtA 

X, jj&tLXlZP F = 0. 8 5i:^:?>„ CtttCttL 
tv «/J^SMt^3P omin= 4 0WB#fc»4, JgjftA^H 
SSE I AC<D«3iWfig t it 2 . 5msgS(ClTS<^t), 
M^LTttPF = 0. 6 5mmiC$-Ti&T~?Zo £<D 
m'b^Mmt}? omin= 4 OWBtS5n5^PF<0 

[0 0 3 3] 

mmtt^mLx, x^f y^-yifmMm^tLx^jao 

^fflij (c fciMT S 46 mt ?> n % *6» =i wi— 5 b 7 > 

LT±ia*g$t3y;-£ b^>x©— ^#^ctti^-r5 
^y^-^F? yx^—^mm^tsmm^y^z $ y 
xmr&i£ftx±mK^vT>7m%<omtt*mmpm : m 

LT^fs^n, cicoDfii^nfcx-r-y^v^tb^m/itc 
a^TSESMHi* Bwa-r § c t k * o ^j^*3t#-r « 

m& Am k to ^x ±ie i pm =* > f >v\<d& xmrn^m 

yfy-W*^**/* yx i: ic& nX—Xmizls^xB 

x-r 'yf>^goxf y?->yfflWi®i*»j$£mw?% 

3 te«fi8*nfc3£«JE#J»^fifti:*IBAS «fc -5 lets. 
[0 0 3 4] ±By7h^yf¥Utt, ±8E» 



±IBN pn h^y^x^onu^^-^-xntci 

Sn^Stafc, ±IEN P N h "yyiy 7,^(0^- XtT- 
Xomicmzntca>?yV-t*lHLXB!&-£tiZ>&? 

■y*- Ko*««»c«tt«nfc p n p ^>yx? 

±IBPNP b5>^X*<D3U?*-^— XHKESn 
tcWSihs ±ffiPNP b7>^X^CD^-XtT-X© 

[0 0 3 5] ±83«JS)ctc«tnHr, ti^HMny/S-* 
fci^ns«iREIS8te«*6jns^3j#lllB*<:*fLT 

ate «t d , wb«ah#©£ ximmm? zctttx 
cmc^^x^mxti7-fyicizmmi&&m(Dmm. 

&l&LX$hm&m*t,ZfrZ>£^'DfzCtte?f&£te%o 
[0 0 3 6] 

i^m<onm<Dmmi m 1 1*, 1 ©^jssojb 

#HIIS%e*^t)*fct>©ti:, V7 bX^-y^[HlS§ 1 3 

[0037] c<Dmic7n-tnwM$&icis^xt,z, mrnsz 

Wam (32MtAX7«ffiVAC) ^ATjLTili^A^Wff^ ' 

Bcwm^y^y^c i *>e.*s±iftfiE8itiHiis^fit*6 

tl, 3SS?tA^m/±VACcD 1 ffifOU^/UcWiSrSfiai 3 ! 1 
WIBEE i &£$-r5«fc : ?{cSft5o X^7^PS(il 
ISAX-Y7m5o ^*3, CO««E¥»lHliSKWL 
T«s *OSE8itA^5-<>K:j^LT09, HlOfc^L 
/iJ:3*^A«MifJ|5ggm (R i) J4»ASn4l\ * 
UT«»aA«F»c¥»3>'T f >"9-C i tci5ltA-r?>^A« 

^77*3^«[h1SS1 0©HfCV7 bX-f-y^lHlSSl 3tf|g 

[0 0 3 8] COHt^-rWBlHllSO— ^flltcfi, MS. 
PiM&OX-f a yn-$ mKPiMm^y^- 

$) tfmfbtiZo fit, c<omK.PMm^y>^-z 
Kmhxts^^m^i om^nstot'$5 0 * 

B=iy/^-i*<Dmmc-?^x$iWt% 0 cci?<!)lEtt 
tgjgn^/^-^ti, l ecox^-y^yj^Ql 
ftlBSOlDStSoTl,^. cm X^7fyy 
SR^Qlfct;^ H»£EO^'l'jH-5h5^7* (BJ 

t •.m-^mb^y^xz) immz nx^Zo 
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[0 0 3 9] X-C-y 7- y^'iit^Ql cD^-Xte, 
MRS ^LTTitayf^C i (^¥it*EE 

i ) coiEiupjitcgMsnT, fewimv^-xmrnmrn 

^ > Q 1 CD^-X £: -^{flJT-XRSt;: teggi!j#*|? 
NB, Wtlay^yy-CB , ^-XWififtfiJPgJgJnRB CD 
B?iJ^M[HlS§=tO^SglS)fS«iE»)fflcD«SlilS§ (ma 

Ql <D'<-Xt¥ffi=i>'r>itC \ (D$m 

X) m\cm XlEn% 5 =yy7 FDD fcj;»x X 

<D3l^*&, -^#^Nl-^(iJ#i^NDcOil:?iJ^^ 

S -y ^ti-^iJT-X(c«td2$ni» 0 
[0 0 4 0] £fc, ±IBXi'-y^>'^^Ql cDal^ 

P I TcD-^^NlWcOU-^r-^y^^^yXLl 
i: £ 0 «EE«ffi» a <c- * cD-^#JM?iJ«J1[hI£S^ 

X-f-y^^^^Ql cD4-7B#tcti, C(DM?iJ«MIh1SS 
[0 0 4 1 ] C ©^C^-fifi^ftiOT h7>XPRT 

m-gnr^mavT bJiT&Zo coie^t-^vx 

PRTIi, X^-y^><7"fK^Ql#lBIftTr5£&{C s £ 

7?|6]{C^tb#,SND, ifEIJj^SNBSr^U MlC$iJi|J# 
[0 0 4 2] C<Dt§-g\ W.3Z9HM'& h 5 >X P R T (Ml 

A-^h^yxp i T<D—^mN\tm.mcmm,^n 

f?.n/cX-i'7fy ?'tH7W F 7 >xi£^£:/i- b Tfgflj 
#)^NB{cEI)|e$n?>C i:T\ Igilj^NBtCti F5-f 7' 

t±, e®«««»@B&*J&S-f 5B7>J#lfilHll& (NB, 
CB) ^P.^-X«i3iitiJPIffitaRB^LT, F7^7f 
mt LTXf-y^V^^QlO^-XfCtH^^nSo 



(NB, CB) CQ^gjiK^C<k»?^£n3X^-y^> 
^teifcTX^y^^Wl^T? C fcfC&3 0 
[00 4 3] *^ffi<75fl5S|cD*6,1i n > A— ?h5>XP 
I TWu |g)2{C^-rJ;o tc, «^7i7'l' FWc^s 
ES37CRK C R 2^S^CDMiPA^[p]-r§ < J;3fC 

i (&a'H^#$iN3) i:n^#iiN2%^n^'n^«i]L 

©J; -5 fc*> >y 7°G ^ff^-T § <fc 9 tc LTV^ 0 C ftlc 
.t^T, r)t^» £ J: 3 RfS6 >W# & n S J: ? (c 

LTV^§ 0 ^>'y7°G(i, ESJ3TCR1, CR2(Dc|3 

k = 0. 8 5 fcV-^OS^OttMSrffS.fcdteLTfc 
[0 0 4 4] ±mm=»'^-2 h7>XP I TO-^ 

mvti^vB?^*- fd i oav- Ftc^^nr^ 

[0 0 4 5] ^3^-? h7yXP I T©~^ffliJT 
N2{Cf§^-r§ 0 COlS-a-, ~^#^N2{C^LT«, ~ 
T\ —&%ffi N 2C0 U ^"^ ^ >X L 2 1 ~ ^ 

[0 0 4 6] BP*., COmWMS&XHZ, — ^HfltCliXl' 
•y ^ >y»f^*«BE«tBJB t -T S fc#©M5>J JtfililB&tf 

(c-^(RiJSt>"-^(Ri|(cW UT««0tt^ffll* 6ttTiW 
-rs«fiJcOXt'-y^>^3V^-^{co^T(i;, rtg-& 

[0047] cof^ ±m£oici,zffi.!£-zrL%-#: 

•y7 B ^IS^/c±T\ SfiSj^-Y*— FD01, D02. D03, 
D04Mfinyf>^C0l, C02^rglO<i:d{cS 
ffiiTZCfV, [fflfc?**— FD01. D02, ¥rt3> 
xV+J-COl] cofflfc, [SSM^-Y*— FD03, D04, ¥ 
i#3>T ; ->t'-C02] cr>$Ii:{c<fc5, 2fficD^SSit|518S 
«Wit&n«. HBEflWM'Ji— KD01. D02, ^Fit^v 
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£££gu iwfc?^*- kdo3, do4. wm^y^fy 
■y-co2] frhj&%±mmMm$mk\&ftm±Y.w.**t. 
f&tz> a ^*3, coJi^cii, ffiifia^WffiEOiRtt'il 
i^t±J*«HE02«{tiW|5]SS 1 tc^tLTfc^HSLTA^^ 
fl§o $WlH]g§ 1 fC&I^Tkfc, iSMltt^lli±E01^^/i| 
IfftLTOTL, ttffittB:ft«JIE02£$ir<»|a]g& 1 (Oft 

[0048] Manns i a, ^jx.ti"-^i<7)tt^«ffitB 
t> e oi© u^kcjcs ct^o u^.)vt)^^n^>m.mM 

SSt£\ SiJfP«j?ittLTF5'l'^"hv>'XPRTcD$iJW# 
^NC (c-t&^-fSC tlc&t), i%&(D£ol,c7£W.!±UM 

[0 0 4 9] t £?>X\ H7VXP I T 

{cfe^Tfi, -^#^N1 , -^S»N2 ©«fe (#73 
IP]) fcSMt^V^-FDO (DOU D02, D03, D04) 

*&t^s6s 0 WAtf, @3 (a) ic7r,?mmftmttm 

Slt^CfflS-rv^^VXte + M (Mitt: -7*7- 
K73^) fcfctK El 3 (b) fc^-r««EJB**«S»& 
fcffiS-O^^VXtt-M (K«& : 7 5'(rt>y#J3 
iS) £&5 0 CM, 0 lE^t «IHSScDz:^ffli]Oft 

JcftWEE^IEIStt© 1 *fcSEStt^*- F D01 (D03) 

-F73^) t»5CMT'?, iS»(c, -*#«N2 (Cf# 

6n53s#w^ft«te©fctrtcSiffi^3i-- FD02 

(D04) fCfiE8ft«Stt*^nSl!lf^f±, -MOBfft-K 
(7^-<^y*#SO X&2>£fr%£ tftXtZ* BP 

©^e— Fvshfprsc ticKZo 
[0050] mspeiss i t?hu -ymmwuhTimmu^ 

;b (E01) ©^{tfCJSDT, «Jffl#l&NC£ijrrftJffil* 

5 > X P R Tte#& S nfcBKtiSttl NB©^ is*?*? $ ~y 
XLB^pJ^$lJ^]-rSo cntCfcD, SK»J#^NBO^> 

[0 0 5 1] ^LTCCDiatC^-rielSStCfeV^T^, X^T 

•y 9- y vmm®.* «rs-r s © k &rc o , x-r >y * > ^ns 

SWIBfci^ftJ^SJ^KLT^So oSO, c©« 
WEHS-m, SWESMWWlflsfcLT, Xf -y ^>^JliS 

a* Ria!Sij»-i-s * 3 icwift? z ctx\ x-f <y ^ >y 



Wtes x << v 9 y rmmiasv x-r v 9 y vm^m 
mmm (pwMaw ^n^x^^^nt^ctff 
tu*?>o f lt, c<o«-&wft»j»»f¥*ifio«ij»ia 

xmm7]nfetf±ftLrc tzic x-r >y ^v^jaassst* 

[0 0 5 2] tt^^T, 77^B£«[h]S§ 1 0 ©flWcfCOI^T 

7" U -y >> - 8i^[5]i^ D i ©IE1ia*J*H?*» 6V7hX^7 
^■IhISSI 3ttfYLX, TKXV*/1VM4f'(*- FD1 - 
?3-yn^;l/LS ^^J&ttSirrifASttS,, 7f 
;^3Vfy+)-CN f*S!3SU*/<U^'i'*— FD1 © 

[0 0 5 3] Sfc, yj^SlHlSSl OKMLTtis MM 
VtisVjm?^*- FDl 0*V-Ktf3-^3i';l/ 
LSO^M^fc^UT, ifeiny^-^h^yxp i t 

^nt^i.^ cnfcj;!?, -^iJM^ijttsiHissfctfp. 

nSX-<y^>ytH**fiE («JEttJg^;l/X«JI) 

[0 0 5 4] COJ:3*^*55(#B!Sl OtCiS*** 
*35(#I18S1 0©1«^T-(i, -^ffllM5>J««lHl8SK»6 

n 5 x -r «y ^ y y ttj ^ *<±t a© j; -5 fc }§ii $ n 5 *v w 

©X-f-y^^y^^SgSaEWMM^fCioT, iSSii 
l J*^U§y^-Y^-FDl-Ut±gSft*i5ft^X'<-y^>y 

ffltJ;0H8Kt±©5 L 3-73- 1 '^LS oMz/tttfiy 
^Winyfytc iOB8tEJ:Dfcfi^i?h 

zmmfc^m-zy^yyrQ ^©^aw^ssnsj; 

3tc^ni. 0 C©*S«, 55^tA73«i^©¥±S)W^:«ff^ 
32i^A73«ffi©«mfc jfif^f < J; 3 (C * nT22)?itA7jmi7H 

[0055] ccx^mxii., ±mLtc^oicmm^y 

^-^h5>XP I TU)H^N3^ii?i|«i3Vf 

y-y-c 3^frbT^u*^ i ;§y^-Y*-FDi©Ay 

6n?.X^ •y^->^tb73T-fe§«l±«tg^^X«ffi*^ 
iSjI V */^'J §y^V^— F Dl a L s©» 
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[0 0 5 6] •?• LT> X-f^fy^Q 1 CD^7WF^ 

#*£N3^/i/xmm^tol*fcfi;^W/IE i <£ D tiiitf 

^Si^tlHlSSD i -»V7 bX-l'-yf-lilSg 1 3-*i^>IU^ 
U §1! #V F D l->^ a - ^7 3 ■Y ;l/L S^/V L Tfi a 

\c> mmfttfffc^L, £>mPF&fo±?z>o nu ( a ) 
(b) (e) (f) it, urn vac, ^mxtim. 

[0 0 5 7] EMSN3EJ;oT)KlJlSn5IIx^ 
gx.fcfc©T$.?.A\ CWJmWffi. (HiTitlLS) t& 

-Dxvm^yy-'y^c i ^HTStfMx^;^- 
w± v ACTbMgi/ x-it, &m V * j% v m-?^*- F D 

[0 0 5 8] V7 FX^-y^SS 1 3t±, N P N§y<DF 

10, ^Vsl— FD3tcj;0«fi)c$n§o fU7V-r>* 
Si^HISSD i coIEMJfCh^^v^X^QScDxib^^^ 
Sfi^ft, 73*eftSlHlS§ 1 0(C h^^v^X^Q 3C0X5 
•y^tfgi^ni),, £fdg*RR Hi h 5 >v"'X * Q 3 <D 

v-~x^Q3<o^-x- i ^wjr— xrstcga^n^c h7 

y->*X^Q3tf)X5 'y^-^-XOtCti, ^s-X-X5 
•y ^HJE VBEC0iM«iIP*lJ:ffl i: LT*V F D 3 tftft 

[0 0 5 9] ^«tt»fc:*5^Ttefc. h7>^X*Q3tt 
0, 38i«A*«£EVACOjEfcft<3DWIBtt, 

y*«EVCE«fift«BE«»4:aoTV^ao StftR lO 
ffitafflti. Ic<hFE- XW»[IB) ££££•5 

tcassnso fit h^^^x^Q 3^*>fc4ss 

h5V^^Q 3<D3U*# • x^^y^m 
ffiVCE, c«B4 (c) (d) 

[0 0 6 0] X-{7^PS^ £«tA*f«EV 

^x^q 3oa s ommt)\ ^istzmM i c < 1 6 a 
T^ntf, aistzmffi i c = i 5 kttez&ottC'fe&b 

8lEIACOi:'B±*<0Sril<'r*ffffl*W'r*o fcTC 



0 5O«fc3^, X-f^P S#3S«L*Jj«JEVAC 
cotf-^Bf^^V^^tlTt, SESRX**«E I AC*^, J® 

HaSW«»6tia<i:fe. SJ«IA*«8R I AC««, 
y^«SKiai*SD i; KDU ¥ 

[0 0 6 1 ] o$ H9atfH 1 Ofc^LfcJ:?*, 

[0 0 6 2] COV7hX^7flH]ffil 3tcW 

[0 0 6 3] Sfc*WOX>f y^V^iBloIttJC'Ol^ 
ffiAJl^S^POmax = MOW, P 
0min=0WO«5BT\ £ e>^3S8SA^«JE VAC= 8 0 
V-l 4 0 VOKWfc»LTX-<y^>yjaift»f s = 
1 00KHz-2 00KH z cDffiUWEffl 1 *ftTt* 

VAC= 8 0 V- 1 4 0 VOlEHteglfttettLT, ftW* 
*P0=1 4 0 W~ 2 0 WCD^&^TT% ^(?-£LT 

3?8SA*«JI VAC= 1 0 0 VO«S8Ttt, m^W^i P 0 
= 1 4 0W-2 OWfcl^Mgi^LT, ^l$PF 

[0 0 6 4] CCO^dtC, **SS<OJB»(DWHIalK'e 

s ^- y 3 > e a - * a if 

[0 0 6 5] SfcZl^«i«iJfEttl^|«ffU^;l/E01O5 0 
[0 0 6 6] tt^^TH8*CckD*»WO*2<OSI]SSOJg 



(10) 



ftffl 2 0 0 1 - 1 3 6 7 4 6 



ft, C<DmiCjjk-£ft2>%&B^>^-2 h7>XP I t t 

statins. 

[oo6 7] £<r>mic*s^T, -^xm^m^n^ms. 
mm^zs>^-zmm^<Dmtii*m-iTii5<o, mar 

1 5<DMO S -F E Tfc.j;5X^-y^>^?Q21^{i 
x.P>n§o Xfyf-^^QZlOKWMt — 

y^y-y-Crti, Xl'y^-y^^Q21£DKU-Y>'-V 
-XfflKSBKSftSo X-Y-yf-y^fK^C^l© 
F-WV-y-XBafCttLTfi, *?yrm-KD 

[0 0 6 8] ±f3X-r«y^>y^Q2Ui, fgffi • 
D> SWIUSS 1 T*«-^IiJtSjJi!J±J73ttEE01<D^«J^/C 

lass i freoa^^HcfSi;!, ^-o^iw^pj^sn 
2i©y-hJc*fLTtb^j-r^ 0 cwc^oTx-f-yf^ 
a\ cco^(ctji/-'TJ±> in ncTtjS^fcj;^tc, x-r 

[0 0 6 9] c $aift[H]g&3tc^L-r«, ¥»3 

y-^y-y-C i {ct#e>n3Hift¥ri«/±E i aWPWi^i: 

WEJCfc-aT, i!BSij(piSS3«, AS • F5-r7|elSS2 * 

[0 0 7 0] CCOEKC^-T7j^«IhISS 1 Hi, 

^[alS§ 1 3 A^/TLT, yf ;l/#^3— ^r^/l/LN- 
itJ&U tV^U gy^V;*- F D 1 -fg-^ni'/l/LS £s 

fvtc i (DiEmtszTmictiLxmxznzcf?, y 

[0 0 7 1] 8=fc, xj^ac#ii]ESi ncWLtit iSiS 
Uyj^USy^V^-- KDi coyjy- Ffc^a— ^n^f ;V 

LSO^^tC^fLT, Ifeg3y; , !-ir b7>XP I T 
<D£^tlN3 WJ«fi3 yf >t C 3 ^LTSl 



<, -^{RiJM?iJKtilHlieS{CtfP,n5X^-y^>^|±l7t)* 

yx («sus-&) ^LTiisnSo $/c, nsn^y 

/Wh7>XP I T»c43ttSH^#i»N3 (»a# 

[0 0 7 2] co«k5«:«J«ft«t:»3, £iffiA2»«JEEVAC 
• ^spJta^f-'y+j-C i cottffiE i cfcOtev^Bf-et, 3£?ft 
A73«ffi V ACtC N 3©/ WXWEfcftq* fcffitf 
fllJEE i «fe 9 feSfttntf, £SS*MACfre><D3^A77 
«SitIAC{4, 7V viSMffimffiD i->7-f/^fa-^ 
rJ-i'^LN^jiUyj/^USy^V^— FDl-»-?-3-y 3 

2SE8it A^HJI^IHM&fr #»5£ ?Wrl'tf->*3 >g« 

m if t h£ s n-r , fly * ar ft«*fr*«*«rr 5 mmm 

[0 0 7 3] ^LXC(Om<r>m^<.i, V7 hX^-y^Hl 
Sgl3Af4, PNPgJ<Dh^>^X#Q4, ffictaR K 
>J^«©*»=i yfy* C 10, 2V;*- KD3C*!)i 
fiScStl^o fLtr'J y^HSRlelKD i ©ftSfflJlc 

>^x*Q 4<orJb^2-^-xKfcB2?n^ nyfy 
■9-C 1 0f4 h7>->"X^Q 4CD^— X- 1 XI 
fClB$n§o Sfc h5>">"X^Q 4cDX5-y^-^-X 
Htett, -s-X'X5'y?tffVBE ©ffilEKiffl i: 
LT^t-KD3itiWSn5. 
[0 0 7 4] t^COV7 hX^'y^-IsISS 1 3 A 
PNPSC^^X^^fflPftlli:^, 7U 

^i;LTtimi©y7hxi''y7 t -iHissi 3 tmmtft 

*), COV7 bX^'y^HSS 1 3A(cj;oT, X-Y<y^ 
PStyfO, 3gjjStA73«8S I AC©ir5±#!5#j!< £ 
fcW7f-P S*^iJitA73«ffiVACOe— i/B# 
tc^->i;$nTt, I AC*\ i§A^A?t 

c (Dtcib^mxTi =74 y^mMmmmK^mf acta 

C0 0 7 5]4fe, COV 7 KX-r-y^lslSS 1 3 AKfe 
i/^Tt, h7^X^Q 4{i{&jgX'T-y^:yy#14<0t, 

yv'X^^fflT'tS. 

[0 0 7 6] fcC3T\ CO@8(C^-T«^|51ES<7)z:^ 
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